Abstract: This paper revisits the dynamics of unemployment rate for 29 OECD countries over the period of 1980-2013. Numerous empirical studies of the dynamics of unemployment rate are carried out within a linear framework. However, unemployment rate can show nonlinear behaviour as a result of business cycles or some idiosyncratic factors specific to labour market (Cancelo, 2007) . Thus, as a testing strategy we first perform Harvey et al. (2008) linearity unit root test and then apply the newly ESTAR nonlinear unit root test suggested by Kruse (2011) . This test has higher power than conventional unit root tests when time series exhibits nonlinear behaviour. Our empirical findings provide significant evidence in favour of unemployment rate stationarity for 25 countries. For robustness purpose, we have also used panel unit root tests without and with structural breaks. The results show that unemployment hysteresis hypothesis is strongly rejected when taking into account the cross-sectional and structural break assumptions. Thus, unemployment rates are expected to return back to their natural levels without executing any costly macroeconomic labour market policies by the OECD's governments.
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Introduction
The empirical investigation of hypothesis of hysteresis in unemployment rate is the bone of great attention among academicians, policy makers and practitioners. The hypothesis is related to the relationship between changes in unemployment and its effect on the equilibrium level of unemployment. There are two economic theories providing theoretical and empirical discussions on unemployment behaviour. For example, hysteresis in unemployment hypothesis developed by Blanchard and Summers (1986a) reveal that any changes in actual unemployment will have permanent effect on the equilibrium level of unemployment i.e. unemployment rate contains random walk process (Furuoka, 2014) 1 . In such situation, equilibrium unemployment rate depends on the path and actual unemployment rate that moves around equilibrium path slowly (Blanchard and Summers, 1986b) . Secondly, it is argued by Phelps (1967) and Friedman (1968) that technological development, monetary policy changes, human resource development, and macroeconomic changes in an economy affect unemployment but keep the actual unemployment rate around equilibrium level of unemployment. This shows that unemployment rate contains a stationary process which indicates that equilibrium level of unemployment is determined by actual unemployment rate in previous periods (Blanchard and Summers, 1986a) .
There is another concept termed as "persistence" in unemployment rate. A primary difference between hysteresis and persistence in unemployment rate reveals that slow speed of adjustment process towards long-run equilibrium path indicates the mean reversion of unemployment series after all. It is also called a special case of nonaccelerating rate of unemployment (NAIRU). This slow speed of adjustment towards long-run equilibrium unemployment is due to introduction of wage-rigidity via efficiency wage as well as union behaviour models (Tiwari, 2014) . Statistically, it is termed as near non-stationary process and in such situation, macroeconomic policy will have temporary effects on unemployment and the effects on unemployment are permanent if hysteresis hypothesis applies (Tiwari, 2014) . Using time series data, Brunello (1990) for Japan, Mitchell (1993) and Røed (1996) for OECD countries, Figueiredo (2010) for Brazil, and 3 Furuoka (2014) for South Korea accepted the presence of hysteresis unemployment hypothesis. On contrarily, rejection of hysteresis unemployment hypothesis is also validated using panel data by Camarero and Tamarit (2004) and Ener and Arica (2011) for OECD countries, Chang et al. (2005) for Central and Eastern Europe, and Lee et al. (2010) for East Asian countries, etc 2 .
The main purpose of this paper is to re-examine the dynamics of unemployment rate for 29 countries from OECD over the period between 1980 and 2013. The outcomes are expected to guide the policy makers of OECD countries whether they should avoid to execute or pursue costly macroeconomic stabilization polices. This paper contributes to the existing applied economics literature by five folds: (i) This paper revisits the dynamics of unemployment rates for OECD countries by applying Harvey et al. (2008) linearity test, (ii) The ESTAR nonlinear unit root test developed by Kruse (2011) is employed for testing the unit root properties of unemployment rate, (iii) The robustness
of unit root analysis is tested by Lee and Strazicich (2003) show that the unemployment hysteresis hypothesis is rejected and unemployment rate contains stationary process.
Rest of the study is organized as follows. Section II reviews the literature on unemployment stationarity. Section III presents the econometric methodologies used. The data and empirical results are discussed in Section IV. The final Section V provides summary of the results and policy recommendations.
II. Literature Review
Numerous studies investigated the unit root properties of unemployment in case of OECD countries. Availability of data and rich labour market policies explains the large 2 Yoon (2009) showed the presence of linearity in the US unemployment rate.
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number OECD based studies. For example, Mitchell (1993) applying the unit root tests with and without structural breaks. They found that in the presence of cross-dependence and structural breaks, unemployment hysteresis hypothesis is rejected which implies that shock affects unemployment rate but temporarily. Yilanci (2008) applied the linear and non-linear unit root tests developed by Kapetanios et al. (2003) to examine the stationary properties of unemployment in 17 OECD 3 Elmskov and MacFarlan (1993) also presented the channels comprehensively on how labor markets are affected by macroeconomic shocks. 4 Røed (2002) confirmed the presence of unemployment hysteresis in 10 OECD countries. 5 Fève et al. (1999) also validated the presence of wage hysteresis for OECD countries. 6 Australia, Belgium, Canada, Denmark, Finland, Germany, Luxemburg, Switzerland and the UK.
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countries. The results of ADF unit root test leads to accept the hypothesis of unemployment hysteresis i.e. unemployment contains random walk process. After knowing the presence of non-linearity in unemployment, KSS unit root test is employed and found that results support to accept unemployment hysteresis hypothesis. This concludes that unemployment rate contains unit root process. Lee and Chang (2008) applied the LM unit root test developed by Lee and Strazicich (2004) Leybourne et al. (2007) in examining the unit root properties of unemployment rate in OECD countries 7 . Leybourne et al. (2007) argued that regime switching such as World War I and Great Depression may cause of unit root problem in unemployment rates.
Based on the empirical analysis, Fosten and Ghashray (2011) noted that hypothesis of unemployment hysteresis is validated after World War I and Great Depression due to 7 Chang and Lee (2011) applied the threshold unit root test developed by Caner and Hansen (2001) to revisit the hypothesis of unemployment hysteresis in case of Canada, France, Germany, Italy, Japan, UK and US. They found that hysteresis in unemployment is present for France, Germany and Italy.
6 strong labour unions corroborating the findings of Blanchard and Summers (1986b to validate the hypothesis of unemployment hysteresis after knowing about asymmetries in unemployment rate in OECD countries. They exposed that unemployment rate contains stationary process. Using data of PIIGS (Portugal, Ireland, Italy, Greece and Spain), Cheng et al. (2014) tested the stationary properties of unemployment rates by applying Flexible Fourier unit root test developed by Enders and Lee (2012) . Their results favoured to accept the hypothesis of "hysteresis in unemployment" 9 . A summary of the different test results found in the literature is presented in Appendix A. 
III. Econometric Methodologies
where 0 and 1 denote the Wald tests when the variable is I(0) and I(1), respectively.
Both tests follow the standard 2 (2) distribution. is a some function that converges in probability to 1 when the variable is I(1) and to 0 when the process is I(0). According to Harvey et al. (2008) , a suitable function must be chosen for . Thus, the authors suggested the following functional form:
where is some finite positive constant which has no effect on the asymptotic proprieties of . and denote appropriately chosen unit root and stationarity statistics. Harvey et When the data generating process exhibit non-linearity, the linear unit root tests (ADF, Phillips-Perron and KPSS) may not possess good power, i.e. they tend to over accept the unit root null hypothesis. To address this concern, we perform the nonlinear unit root test recently developed by Kruse (2011) . This test is based on the Kapetanios et al. (2003) approach for testing the unit root hypothesis against the alternative of a globally stationary exponential smooth transition autoregression (ESTAR) model:
where is (0, 2 ) and ( ; −1 ) is the transition function which has an exponential form:
with ≥ 0. The transition function, which exists between zero and one, is symmetrically U-shaped around zero. Kapetanios et al. (2003) show that the ESTAR model, under the restriction = 0, is globally stationary if −2 < ∅ < 0 is satisfied even though it is locally nonstationary in −1 = . The authors assume that = 0 and propose the following model:
In order to test the null hypothesis 0 : = 0 versus the alternative 1 : > 0, Kapetanios et al. (2003) impose the restriction = 0. By applying a first-order Taylor approximation to the ESTAR model, around = 0, an auxiliary regression can be obtained:
with being a noise term depending on , and the rest of the Taylor expansion. Kapetanios et al. (2003) suggested a Dickey-Fuller type t test, denoted as KSS, for unit 9 root null hypothesis against globally stationary ESTAR which correspond to against the alternative :
Kruse (2011) suggested that the zero location parameter in the exponential transition function is too restrictive. Therefore, the author propose an extension of Kapetanios et al. (2003) unit root test by relaxing the zero restriction on c and considers the following modified ADF regression:
By applying the first-order Taylor approximation of the smooth transition function around , the regression model is written as follows:
In order to improve the power of test, Kruse (2011) imposes and proceeds with:
where and . The null hypothesis is tested against the alternative . Kruse, (2011) suggested to employ the methods of Abadir and Distaso (2007) to derive a modify Wald test. This modified Wald test builds upon the one-sided parameter ( ) and the transformed two-sided parameter, say , that are stochastically independent by definition.
Regarding the series that exhibits linear behaviour, we employ the LM unit root tests with structural breaks developed by Lee and Strazicich (2003) . They suggested the following Data Generating Process (DGP):
And they defined the structural breaks models C and CC as follows:
1) The Model C which can be described by
2) The Model CC that contains two changes in level and trend is described by
The LM unit root test statistic can be estimated by regression according to the LM (score) principle as follows:
The unit root null hypothesis is described by 0   and the LM test statistics are given by:
The minimum LM unit root test determines the break points jt TB endogenously by using a grid search as follows:
The break points are determined to be where the test statistic is minimized. In order to eliminate the end points, we use the trimming region
, where T is a sample size. The critical values for one break and two breaks are given by Lee and Strazicich (2003, 2013) .
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III.II Panel unit root tests
In order to increase power of univariate unit root test, we also use panel unit root tests.
Which are separated into "first generation panel unit root tests" including LLC test (Levin et al., 2002) , IPS test (Im et al., 2003) , MW test (Maddala and Wu, 1999 ) and Choi test (Choi, 2001 ) and the "second generation panel unit root tests" containing MP test (Moon and Perron, 2004) , Pesaran test (Pesaran, 2007) and Choi test (Choi, 2006) . First generation tests do not allow for cross-sectional dependence between units; however, second generation tests take into account the cross sectional dependency. The first and second generation tests which do not allow for the structural breaks may suffer from significant loss of power if data display possible breaks. This is why we suggest using Lagrange Multiplier (LM) panel unit root test developed by Im, Lee and Tieslau (2005) . The LLC test (Levin et al., 2002) , which allows for homogeneity of the first order autoregressive parameters and the cross sectional independence between units, suggests the following adjusted t statistic: Levin, Lin, and Chu (2002, p. 14) for various periodsT .
The IPS (Im, Pesaran and Shin, 2003) The MW test (Maddala and Wu, 1999) 
Under the null hypothesis as Hurlin, 2004) .
Concerning second-generation unit root tests, which assume cross sectional dependence between units, we used MP test (Moon and Perron, 2004) , Pesaran test (Pesaran, 2007) and Choi test (Choi, 2006) . Further, to take into account cross-sectional dependence assumption, Moon and Perron (2004) use an AR(1) model with common factors in error terms: 
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To construct a unit root test, Moon and Perron (2004) considered the factors as nuisance parameters and developed two t-statistics, which are based on a pooled de-factored series.
Specifically, if we let   denote pooled least squares estimate of  using the de-factored data, Moon and Perron (2004) The cross-sectionally augmented ADF regressions are given by:
Pesaran (2007) suggested the following truncated test statistics which is denoted as a 
Cross-Sectional Augmented IPS (CIPS):
where  is the standard cumulative normal distribution function and i p is the asymptotic p-values of the Dickey-Fuller-GLS statistic for country i.
The first and second generation tests don't allow for structural breaks and may suffer from significant loss of power if data display possible breaks. This is why we suggest using Lagrange Multiplier (LM) panel unit root test developed by Im, Lee and Tieslau (2005) . Based on univariate LM statistic (Lee and Strazicich, 2003) 
This in turn can be used to determine the following standardized panel LM test statistic:
Where   Et and   Vt are tabulated by Im, Lee and Tieslau (2005) .
IV. Data and Empirical Results
The The issue being investigated is whether unemployment rate in OECD countries contains a unit root. Our empirical analysis begins by conducting the nonlinearity of time series in order to decide which unit root test we should run. If the time series were to follow a nonlinear path over time, the standards unit root tests become powerless by over accepting the null hypothesis (Kapetanios et al. 2003; Kruse, 2011 Kapetanios et al. (KSS, 2003) one. This test has a main advantage that it improves the power and size of KSS test by relaxing the assumption of a zero location parameter in the smooth transition function. However, in Hungary, Japan, Spain and Sweden, the nonlinear unit root test rejects stationarity process which supports the strong evidence in favour of the hysteresis hypothesis. When we consider the LM unit root test with structural breaks, the unit root null hypothesis is rejected for all 18 countries that exhibit linear behaviour (Table 3) , and then any shock to unemployment rate is likely to be transitory. These results support therefore natural rate hypothesis when structural break dummies are included in regressions. The LM unit root tests result showed that there are two significant break dates in the selected countries that exhibit linear behaviour. Numbers in the parentheses are the optimal number of lagged first-differenced terms included in the unit root test to correct for serial correlation. The 1%, 5% and 10% critical values for the LM unit root test with no break are: −3.63, −3.06, and −2.77. The 1%, 5%, and 10% critical values for the minimum LM test with one break are: −4.239, −3.566, and −3.211. The 1%, 5%, and 10% critical values for the minimum LM test with two breaks are : −4.545, −3.842, and −3.504, respectively. These dates are 1987-88, 1997-1998 and 2007-2008 which can be associated with three crisis events (Black Monday 1987 , 1997 Asian Financial crisis, and 2007 -2008 Financial crisis). Overall, our empirical findings provide significant support for unemployment rate stationarity process in 25 out of 29 countries, and therefore there is an absence of unemployment hysteresis hypothesis in these countries. Previous empirical studies have reached mixed conclusions about whether unemployment rate in OECD countries is stationary or contains unit root process. Our results are not in line with earlier findings about unemployment hysteresis in OECD countries (Brunello, 1990; Neudorfer, Pichelmann, and Wagner, 1990; Mitchell, 1993; Jaeger and Parkinson, 1994; Røed, 1996) . These empirical studies did not consider nonlinearity and structural changes when testing a unit root hypothesis. However, the nonlinear behaviour of employment rate in OECD countries is recognized in the existing applied economics literature due to business cycles or some idiosyncratic factors specific to the labour market (Cancelo, 2007) .
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Recently, some empirical studies used nonlinear unit root test to investigate the stationarity proprieties of unemployment. Yilanci (2008) carried out the KSS test to unemployment rates in 17 OECD countries and found evidence in favour of stationarity hypothesis for only 7 countries. This study, however, does not account for possible breaks in the series of unemployment rates. Hence, compared to these studies, our empirical findings provide more obvious evidence in favour of unemployment rate stationarity among 29 OECD countries while allowing for both nonlinearity and structural breaks in series. Turning to the panel unit root tests, we begin by applying the cross-section dependence (CD) tests developed by Pesaran (2004 ), Friedman (1937 and Frees (1995) . Table 4 indicates that null hypothesis of cross-sectional dependence is rejected for the entire panel highlighting that unemployment rate is highly dependent across OECD countries. This finding indicates the importance of taking into account cross-sectional dependence when analysing the stationarity of OECD countries panel. The results reported in Table 6 support evidence of unemployment rate stationarity which confirm the finding of the second generation unit root tests. This result indicates that shocks to unemployment in OECD countries are temporary and the unemployment rate will revert back to its long-run trend. Hence, the failure to reject the unit root hypothesis of OECD unemployment rates is due to the lower power of classical unit root tests which do not take into account the cross-sectional and structural break assumptions.
V. Conclusion and Policy Implications
This study retests the unit root properties of unemployment rate by using the data of OECD countries for the period of 1980-2013 to confirm either unemployment hysteresis hypothesis exists or does not. In doing so, linear and non-linear unit root tests have been applied for testing the unit root properties. Further, cross-sectional dependence as well as panel unit root tests with and without structural breaks have also been applied. The empirical analysis reveals that unemployment rate contain stationary process almost in 86% of sampled countries that seems to reject the unemployment hysteresis hypothesis.
The results of panel unit root tests also show the absence of unemployment hysteresis hypothesis in the presence of cross dependence and structural breaks.
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The empirical findings of the study suggest some fundamental policy implications. As the results support the non-existence of hysteresis hypothesis or stationary process, the process returns to the mean, while the mean moves over time. This indicates that shocks are transitory and produce simply impermanent changes of the unemployment rate nearby the equilibrium position. Hence, there is a resilient tendency for the unemployment rate to go back to its long-run equilibrium level following macroeconomic shocks in the OECD countries. Therefore, there is no need to execute costly macroeconomic stabilization policy, otherwise any fine-tuning is likely to disturb unemployment equilibrium level and thereby will bring macroeconomic instability instead of stability in these countries. Hence, unemployment rate in OECD countries is expected to return back to natural levels without the interferences from the OECD's governments.
The conclusion regarding the persistency of unemployment will of course depend on the flexibility of wages to attain the unemployment equilibrium levels without active public interventions in the labour market. Labour market is heavily regulated and job-market training and employment programs are natural elements of the state intervention policies.
Given the alarming state of youth unemployment, mobility of capital, capital-labour substitution and technology's influence on relocation of production, it is not possible to think of a situation where state is not actively intervening to labour market. The suggested improved testing procedures, functional forms and accounting for crosssectional dependence and structural breaks will increase the power of the unit root tests and enable more accurate inference about state interventions in labour market. 
